In a series of 126 consecutive pilon fractures, we have described anatomically explicable fragments. Fracture lines describing these fragments have revealed ten types of pilon fracture which belong to two families, sagittal and coronal. The type of fracture is dictated by the energy of injury, the direction of the force of injury and the age of the patient.
In a series of 126 consecutive pilon fractures, we have described anatomically explicable fragments. Fracture lines describing these fragments have revealed ten types of pilon fracture which belong to two families, sagittal and coronal. The type of fracture is dictated by the energy of injury, the direction of the force of injury and the age of the patient.
A pilon fracture of the tibia involves the horizontal articular surface of the distal tibia with proximal extension. The injury is usually caused by a high-energy axial force which also produces severe soft-tissue damage. For an optimal outcome to be achieved there should be anatomical reconstruction of the joint, restoration of tibial alignment and stabilisation of the fracture to facilitate union. However, open surgery is associated with poor wound healing, restoration of the anatomy is difficult and delayed union and infection are common. This has led to the use of closed techniques which do not allow accurate reduction of the joint. Understanding of the anatomy of the fracture should allow the development of improved operative techniques and outcomes. To this end we have studied a large series in order to define the anatomy of the fracture.
Patients and Methods
Between 1993 and 2002, 122 patients (126 fractures) presented to our unit (Table I) either as acute admissions or tertiary referrals. Initial assessment included plain radiography. Open fractures were debrided and stabilised by a spanning external fixator within six hours. Before definitive fixation, CT was carried out to allow pre-operative planning. The plain radiographs and CT scans were analysed using a computer-aided design program (TurboCad, IMSI, Novato, California). The clinical details and injury data were collected from case notes and radiographs (Table I) . Forty-one patients (34%) had associated injuries.
Metaphyseal/diaphyseal dissociation was categorised as simple or comminuted and its level as metaphyseal, junctional or diaphyseal, according to the 'rule of squares'. 1 Coronal and sagittal alignment was assessed. The fracture of the fibula was classified according to DanisWeber. 2 Any disruption of the syndesmosis and talofibular relationship was recorded.
The CT scan identified articular fragments and patterns. Fracture lines outlining the fragments were described with reference to the intermalleolar axis 3, 4 and the angle of the main fracture line was measured with respect to this. The term 'sagittal' described the plane perpendicular to, and 'coronal', the plane parallel to the intermalleolar axis. The CT scan also identified the relationship between the tibia and fibula and whether the anterior and posterior inferior tibiofibular ligaments had been ruptured.
All measurements were made three times and the mean recorded. After description of the types of fracture, the reproducibility was 
Results
Plain radiography. Before intervention 108 AP radiographs and 110 lateral radiographs were available. Most fractures lay in valgus (69; 64%) and the remainder in varus (39; 36%) (Fig. 1) . The lateral radiographs showed 65 (59%) fractures with no angulation, 29 (26%) with the apex posterior and 16 (14%) with the apex anterior.
The metaphyseal/diaphyseal dissociation was simple in 47 (40%) and comminuted in 71 (60%) cases; 54 (46%) were metaphyseal, 47 (40%) crossed the metaphyseal/diaphyseal junction and 17 (14%) were diaphyseal. The proximal and distal extents of the metaphyseal/diaphyseal dissociation were measured. The maximal proximal extent was 161 mm from the plafond (median 69 mm, minimum 17 mm) and the median distal extent was 24 mm (0 to 110) from the plafond. The centre of the metaphyseal/diaphyseal dissociation was at a median of 35.5 mm from the plafond (3 to 127). In 24 (20%) the fractures of the medial malleolus were below the plafond. The medial collateral ligament was ruptured in two of the 118 fractures.
Whole-length fibular views were available in 124 cases, of which 104 showed fractures. Most (75) were Weber type C of which five were segmental. The remainder were usually Weber type B (26) with only three being Weber type A.
There was only one ligamentous diastasis ( Fig. 2a ) but in 52 cases (44%) there were separated lateral tibial fragments (anterolateral and posterolateral) resulting in functional diastasis ( Fig. 2b) with widening of the mortise and instability of the ankle.
Sixteen cases (13%) showed a lateral-disruption-type fracture ( Fig. 3) , in which the normal relationship between the lateral border of the talus and the distal fibula was disturbed. This finding was strongly associated with an intact fibula; eight of 16 lateral-disruption fractures had an intact THE JOURNAL OF BONE AND JOINT SURGERY fibula compared with 12 of 108 with a normal talofibular relationship (chi-squared test, p < 0.0001). A pilon fracture with intact fibulae was therefore eight times more likely to have a disruption of the talofibular joint in this series.
In six of the 16 lateral-disruption fractures, there was an intact lateral column of the tibia (AO, type-B fracture, Fig.  3a ). In ten, there was comminution of the lateral tibial column with separation of the tibial shaft from the lateral plafond (AO, type-C fracture, Fig. 3b) . The association between an intact fibula and an intact lateral column of the tibia in the lateral-disruption fractures was significant (Fisher's exact test, p = 0.007).
The relationship of the tibia and fibula in the lateraldisruption fractures was examined by CT in 12 fractures. In all, a portion of the tibia retained its normal relationship with the distal fibula, namely lateral and inferior to the talar dome (Fig. 4) . The fragments retaining the normal relationship were both anterior and posterior in six. In five, the anterior fragment alone maintained its normal relationship with the fibula, a consequence of rupture of the posterior inferior tibiofibular ligament. In one case the posterior fragment alone maintained its normal relationship because of rupture of the anterior inferior tibiofibular ligament. CT. Fracture fragments. Articular CT scans were available in 108 of the 126 fractures. Six distinct fragments could be recognised although not all were universally present. The major fragments were anterior, posterior, medial, anterolateral, posterolateral (Fig. 5 ) and die-punch (Fig. 6) .
The anterior fragment comprised the bulk of the anterior tibial articular surface and was absent in 14 (13%) fractures in which it was combined either with the posterior (seven) or medial (seven) fragments. The posterior fragment comprised most of the posterior part of the tibial articular surface and was absent in nine (8%) when it was combined either with the anterior (seven) or medial (two) fragments. The medial fragment represented the attachment of the medial malleolus and contained a variable amount of the horizontal articular surface. It was absent in 22 (20%) fractures when it formed either part of the anterior fragment (six), the posterior fragment (nine) or was bisected (seven). The anterolateral fragment was defined as extending less than 50% of the width of the plafond and, although small, CT scan of a lateral-disruption-type fracture with maintenance of the normal tibiofibular relationship, the lateral tibial fragments lying lateral to the talus. contained the tibial insertion of the anterior inferior tibiofibular ligament. Similarly, the posterolateral fragment extended not more than 50% across the width of the plafond and represented the tibial insertion of the posterior inferior tibiofibular ligament. The die-punch fragment was central, purely articular and impacted (Fig. 6 ). Without soft-tissue attachments it could not be reduced by ligamentotaxis.
In some cases there were other fragments. A combined anterior and posterior fragment was named a lateral fragment (see Fig. 8a) . A large central articular fragment without impaction was defined as central comminution.
Although this fragment was unlikely to prevent reduction like the die-punch fragment, it was often large enough to require stabilisation. In 22 (20%) fractures, as well as the large distinct fragments, there was evidence of general comminution, distributed among the main articular fragments. The incidence, area and proportion of all fragments were measured. Fracture families. When the position of the fracture lines was plotted radially (Fig. 7) two major peaks were seen in the sagittal and coronal planes. Analysis with respect to these lines demonstrated two fracture families, the sagittal (36 cases; 33%) and the coronal (60 cases; 56%) (Table II) . Of the remaining 12 fractures (11%) with CT scans, seven (6%) were so comminuted that a fracture type could not be attributed to them and five (5%) had a marginal fracture. Sagittal family (Fig. 8) . In seven (19%) cases there was a simple sagittal split-type fracture (Fig. 8a ) with medial and lateral fragments. In nine (25%) there was an additional anterolateral fragment creating the inverted V-type fracture (Fig. 8b ) and in 20 (56%) the lateral fragment was split coronally, creating a T-type fracture (Fig. 8c) . Progression from a sagittal-split-type to a T-type fracture was associated with increasing comminution of the proximal dissociation (Fisher's exact test, p = 0.023), suggesting an evolution of the sagittal family fractures with increased energy transfer at injury. Coronal family (Fig. 9) . In 22 (37%) cases there was a single fracture line in the coronal plane. In eight (13%), the fracture line followed the intermalleolar axis, bisecting the medial malleolus and thus defining the coronal split-type fracture (Fig. 9a) . In eight (13%), the fracture passed anterior to the medial malleolus creating an anterior split-type fracture (Fig. 9b ) and in six (10%) it was posterior to the medial malleolus, creating the posterior split-type fracture (Fig. 9c) . Thirty-eight (63%) cases had two broadly coronal fracture lines passing anterior and posterior to the intermalleolar axis thereby separating the medial fragment as a triangular portion of the horizontal articular surface. In 15 (25%) cases the fracture lines diverged at the lateral edge of the plafond creating the V-type fracture (Fig. 9d ) and in 23 (38%), the separation occurred centrally, describing the Ytype fracture (Fig. 9e) . (8) Sagittal type (7) Posterior split type (6) Inverted V type (9) Pure split type (8) SS IV T The coronal fracture line was significantly more anterior in the Y and anterior split types compared with the V and posterior split types (Kruskal Wallis test, p = 0.0024). The height of fall to produce the fractures also showed significant differences between the types (ANOVA, p = 0.01); Y and anterior split fractures resulting from higher falls than V and posterior split types respectively, with a progression within the two groups from simple to comminuted. These findings suggest an evolution of the coronal family fractures with increasing energy transfer, the posterior split fractures becoming V type and the anterior split becoming Y type with progressive energy transfer at injury.
Sagittal fractures tended to present in varus, had a more proximal metaphyseal/diaphyseal dissociation and followed a higher energy injury in younger patients. Coronal fractures presented in valgus with a more distal dissociation, following lower energy trauma in older patients.
There was no association between the lateral-disruption fracture and fracture family, but lateral-disruption fractures were comminuted (Fisher's exact test, p = 0.006). The comminuted fractures were 14.7 times more likely to have a lateral disruption compared with sagittal and coronal family fractures. Reproducibiity of fracture descriptions. Using the AO classification, the average kappa value among the five reviewers for AO type-B or type-C fractures was 0.4637; for the Rüedi and Allgöwer 7 system it was 0.4522, suggesting that these traditional systems are poorly reproducible. Interobserver agreement using our new articular fracture description gave a mean kappa value of 0.666 for fracture family and 0.5764 across the ten types of fracture. Intraobserver agreement performed by the first author gave a mean kappa value of 0.8616. This suggests that the descriptions of fractures in our study are superior in their reproducibility.
Discussion
The pilon fracture has a number of components, namely, the proximal extension, the fracture of the fibula with its relationships and, probably the most important, the articular fracture. Although all parts are associated, the problems which they present are different and it is logical therefore to consider them separately.
Our analysis has implications for the choice of implant. Simple fractures can be stabilised by interfragmentary lag screws, whereas more comminuted types and those extending into the diaphysis require more robust methods of stabilisation because these patterns have increased rates of malunion and nonunion. 1 The most proximal extent of the fracture in this series was 16 cm from the plafond. If a plate is used it must be long enough to achieve adequate proximal purchase. After fixation of the articular fracture, usually achieved with 3.5 mm screws, there must remain sufficient space within the articular segment to allow proximal stabilisation. Three crossed fine wires can be placed above or below the articular fragment screws and take a maximum of 6 mm to provide stabilisation, but fixation with a plate may require significantly more space proximal to the screws in the articular fragment. Finally, it cannot be assumed that all fractures will be optimally stabilised by a medial plate. In 60 (55%) of our cases with coronal fracture lines, this would potentially result in screws interfering with the fracture.
The relationship between the tibia and the fibula is normally described by the state of the syndesmosis. We identified one ligamentous diastasis and 52 fractures (44%) in which there was disruption of the normal tibiofibular relationship through bone. Failure to recognise this 'functional diastasis' with inadequate reduction of the lateral tibial fragments could result in a widened mortise and instability.
Similarly without restoration of the normal talofibular relationship in lateral-disruption fractures, the function of the ankle will inevitably be compromised (Fig. 10) . This restoration will automatically reduce the lateral tibial fragments, thus providing a key for fixation of the remaining articular surface.
Within each fracture group there was progression from a simple to a more complex type with increasing transfer of energy. In most fractures the fibular fracture was an early occurrence, whereas in the lateral-disruption group it was a late event. Whether this evolution is related to the energy of injury or is purely directional cannot be determined from our data.
Our study was dependent on CT which is essential in the management of pilon fractures of the distal tibia. Since the publication of the Rüedi and Allgöwer classification 7 it has been accepted that the defining feature of the fracture of the articular surface is a coronal fracture line. In our series this is not the case in 33% of cases with a sagittal family fracture. This has implications for treatment because, although the fracture can be approached directly from the anterior aspect, fixation screws will need to be placed percutaneously in the coronal direction.
We have introduced two distinct fracture families which appear to be influenced by the degree of transfer of energy at the time of injury, the direction of the force and to a less degree, the age of the patient. There also appears to be a progression of the injury of fracture within each family, again dependent on transfer of energy. The sagittal family fractures occur after higher energy with varus angulation in younger patients while the coronal family fractures occur with valgus angulation in older patients after less severe trauma. The coronal alignment may relate to the attitude of the foot at impact or it may be due to weakness of tibialis posterior with increasing age.
If a description of the fracture is to be valuable, it must be reproducible. Levels of agreement within the AO and Rüedi and Allgöwer classification systems are at best adequate, a finding supported by other groups. [8] [9] [10] By contrast, the level of agreement with our description of the pilon fracture is good to excellent. 
